Industry evolution is caused by various reasons, among which technology progress has been approved to drive industry development, but with the new trend of industry convergence, inter-industry convergence also plays an increasingly important role. Contrasting to the previous studies, this paper plans to explore the industry synergetic evolution mechanism based on industry convergence and technology progress. We use self-organization method and Haken Model to establish synergetic evolution equations, and select technology progress and industry convergence as the key variables of industry evolution system. Besides, patent licensing data of China's listed ICT companies are collected to measure industry convergence rate, and DEA Malmquist index method is applied to calculate technology progress level. In the empirical analysis, simultaneous equation estimation method is adopted to investigate the synergetic industry evolution process. Our main findings are that (1) technology progress is an order parameter, which dominates industry system evolution. Moreover, industry convergence is a control parameter, which is influenced by technology progress; (2) Development of technology progress is the core factor for causing evolution of industry system, and industry convergence is the outcome of technology progress; (3) Especially, it is important that the dominated role of technology progress will be sustained, even though in the environment of convergence, and so companies also need to focus on self-innovation rather than only to adapt to the new industry evolution trend.
Introduction
With the new industry emerging, there has undergone an evolution with rapid or even radical changes. These changes often attribute to one main reason, namely technology progress. However, especially in the last two decades, industry convergence as a new and decisive phenomenon has also been found and gradually spreads throughout the whole economic studies (Dosi, 1982; Dowling, 1998; Lei, 2000; Fai & Tunzelmann, 2001) . The above two aspects, technology progress and industry convergence, are often seen as the two fundamental factors for the industry growth recently (Bonnet &Yip, 2009 ).
As to technology progress, on the one hand, many researchers have claimed that technology progress is a driving force behind economic or industry growth. For example, in the work of (Schumpeter, 1934) , he created the innovation theory which claimed that technical innovation promotes economic development. (Solow, 1956 ) measured technical progress contribution rate and created a new growth theory, and the similar works also can be found in (Romer, 1986; Lucas, 1988; Grossman & Helpman, 1991) . Therefore, as the above literature shows, technical progress has been approved and accepted as the major source of radical innovation within the industry, which drives economic growth and development of industries.
As to industry convergence, on the other hand, the definitions can go back to the early 1960s. , based on his study on the US machine tool industry, indicated that different industries relied increasingly on the same set of technological skills in their production process, and termed the set of technological skills as technological convergence. There have been many researchers studying the phenomena from different perspectives. For example, some studied different stages of convergence from the angle of evolutionary economics (Hacklin, 2010; Curran, 2011) , some tried to measure convergence of different industries (Wan et al., 2011; Karvonen et al., 2012) , and some investigated the convergence phenomenon with a focus on the information and communication technology (ICT) industry (Dusteers & Hagedoorn, 1988; Stieglitz, 2003; Wan et al., 2011) . As (Gambardella & Torrisi, 1998) have claimed, during 1990s electronics sectors have undergone a trend of obvious convergence, and accordingly there is a positive correlation between technology convergence and improved performance. Recently, there also have been studies on the convergence appearing in other industries -274 - (Broring et al., 2006; Curran et al., 2010; Karvonen & Kassi, 2010) . To sum up, industry convergence becomes another global fundamental mode affecting industries and companies.
The above two theories offer logical explanation of industry evolution, but in our viewpoint, they do not cover the mechanism inside the evolution, especially with the trend of industry convergence, industry evolution is not only derived by technology progress within one sole industry, and on the contrary inter-industry convergence also plays an increasingly important role. Interestingly, comparing industry convergence with technology progress, which one plays a dominated role in industry evolution? And, does synergetic effect between them exist? The purpose of this research is mainly based on these two questions.
To answer the above two questions, this paper established a series of synergetic equations based on the theory of self-organization and Haken model (Haken, 1988) . Whole industry is considered as a system, and selected technology progress and industry convergence are as two endogenous factors changing with the evolution of the system. On the one hand, there are two kinds of parameters in the Haken model: an order parameter and a control parameter. The order parameter is used to govern the evolution of system and the control parameter is dominated by the order parameter. Through this model we can distinguish which variable is the order parameter and which one is the control one; we can know which one plays the critical role in the system of evolution during the researched period. On the other hand, we can explore how the two variables affect each other. This method can appropriately address two problems mentioned above.
On the basis of the proposed equations and the Haken model, this paper further made an empirical study by using the data from China's ICT industry. The ICT industry in China has developed rapidly since 1990s, and especially enjoyed the faster growth from 2002 to 2012. Thus, the data during this period are very suitable for the empirical analysis, when we consider that the data reflect the most obvious convergence within industries and the powerful technology progress.
This paper collected China's patent licensing data to calculate listed 146 ICT industry technology convergence rate (TCR), simultaneously, gathered ICT listed company's data to measure technology progress level (TPL). Finally, simultaneous equation estimation method (precisely, the GMM time series method) is applied to empirically analyze the synergetic industry evolution process based on the established model and measured data.
The rest of the paper is structured as follows: Section 2 presents synergetic evolution model of industry system based on industry convergence and technology progress; Section 3 explains the data and the measurement of industry convergence and technology progress; Section 4 discusses the empirical results, and Section 5 concludes the paper.
Model and synergetic equations
Considering the whole ICT industry as a system, according to what we have introduced, technology progress and industry convergence are the two fundamental factors in the system. The two variables are changing synergistically with the evolution of the system. Based on the theory of evolution system, Haken model is a proper model to explore the synergetic effect of the two critical variables. The Haken model is quite famous in the field of system science but not used often in the field of Engineering Economics, especially in the field of Industry Economics. Since the economics system is really a system in the real life, we plan to adopt the Haken model to analyze such a system.
Given two variables in an evolution system, the relationship between the two variables can be expressed by the following synergetic equations based on the Haken model: Often, in a real world application, the discretization forms of equation (1) and (2) 
Where, t expresses the time period and takes the values 1, 2, 3, …, ∞. On the basis of the discretization forms, the four parameters 1  , 2  , a and b can be calibrated based on the estimation of simultaneous equations from the theory of Econometrics. To make it strict, we rewrite the equations (3) and (4) in the form for the econometrics analysis by adding two residual terms
Then, by examining whether 2  is above zero and comparing 2  with 1 ||  , we can judge which variable is the order variable and which one is the order variable. It is noted that the method is just the way to answer the first question proposed in the Introduction part. To sum up the above analysis, we can have the following steps to determine the order variable and the control variable.
Step 1. To obtain the data of 1 () qt and 2 () qt by calculating based on the raw data from yearbook or other sources.
Step 2. To give the null hypothesis: 2 0   and 2 1 ||  , which means that the 1 q is the order variable and 2 q is the control variable.
Step 3. To estimate the equations (5) and (6) by using the approach of simultaneous equations estimation, and then calibrate the four parameters 1  , 2  , a and b .
Step 4. To validate the null hypothesis based on the results of the step 3. If it is accepted, we infer that 1 q is the order variable and 2 q is the control variable; whereas, if it is rejected, we should change the place of 1 q and 2 q in the equations (3) and (4), and then repeat the step 3.
For better understanding the above synergetic equations (1) and (2) (note that the equations (3) and (4) are similar) and also for answering the second question, we draw the sketch map of such equations. q can be very different according to different parameter values. As Figure 1 shows, the three different initial points converge into the same point A (its coordinate 1 2 1 ( (
with the time going by. However, differences also exist among the three paths owing to different initial points. (7) and (8) induced from the equations (1) and (2), respectively.
It is noted that the cases of different parameter values are not confined to the above two kinds, for example, 1 0   , 0 a  and 0 b  , but the other cases are not very useful in our analysis, especially considering the actual data prepared for the forthcoming empirical analysis. This will be showed further in the part of empirical analysis.
After the equations (3) and (4) have been calibrated based on the estimation of simultaneous equations, we can obtain the estimation values of the four parameters and judge which situation (or called which figure) the synergetic effect between 1 q and 2 q belongs to. From the sketch map shown in the corresponding figure, we can get the answer to the second question how the two variables affect each other, namely the synergetic effect.
Data preparation
Technology progress and industry convergence need to be measured firstly. They are the necessary data for further analysis and also reflect the development levels of technology progress and industry convergence in recent years. In the Introduction of this paper, we have explained why we select China's data for this problem. In this section, we will show the details of how to measure these two variables. In all, it is an elaborated process needing more painstaking work.
Technology progress is measured by using DEA-based Malmquist index method, whose result is called TPL. Such method was proposed by Fare et al., (1994) and was found based on the DEA approach (see also Sufian et al, 2010; Wu et al, 2013) . The Malmquist index is defined on the basis of distance functions presented by Caves et al., (1982) , and it measures the change of the total factor productivity (TFP) between two data points by calculating the ratio of their distances relative to a common technology. The total is decomposed into two parts: technical efficiency level and technological change. Here, what we concern is a technical efficiency level other than technological change. Accordingly, the original Malmquist index method is revised for our purpose and the DEA-based Malmquist index can be obtained by utilizing the following formula:
Specifically, the input x consists of labor and capital, the two factors, where labor is reflected by the number of employees and capital is reflected by the net fixed assets investment in the above model, and also the output y is expressed by the operating income. The software DEAP 2.1 is a suitable tool for solving the above problem.
Considering the availability, the completeness and the reliability of the data, we select the listed companies of China as the analysis sample. So far, there are 146 ICT listed companies in China's two main stock markets. Table 1  shows their codes and Table 2 shows their amounts in different years. 002063  002195  002313  002417  300047  300096  000503  600076  600621  600392  002065  002214  002315  002421  300050  300098  000547  600105  600640  600485  002089  002230  002316  002439  300051  300101  000555  600118  600687  600487  002090  002231  002331  002449  300052  300102  000561  600122  600718  600522  002093  002232  002339  300002  300059  300104  000586  600130  600728  600571  002095  002236  002362  300010  300065  300113  000701  600171  600756  002017  002104  002253  002368  300017  300074  300162  000748  600198  600764  002027  002106  002261  002373  300025  300075  000823  600288  600770  600403  002115  002268  002376  300028  300076  000851  600289  600775  600410  002148  002279  002383  300033  300079  000892  600345  600776  600446  002151  002280  002396  300036  300081 Source: selected by the authors based on the listed company information (website: http://www.cninfo.com.cn/) of each year) are collected from 146 listed ICT companies' semi-annual reports from 2002 to 2012. Two things have been paid much attention to in our calculation process. The first one is that the data in the first half year of 2002 are taken as the benchmark, and all the years' TPLs are further calculated based on this year. The purpose of doing this is to make all the TPLs to have the same benchmark so that they are comparable at different years. The approach of calculating is shown in formula (10), where 0.5, 1, 1.5, 2, n  . And, the second one is that not every listed company exists at the beginning of the survey period, namely some of them went public later than some others. Thus, we make the data start year as the measurement-based year, calculate every listed ICT company's TPL in their public duration, and then get the average of all the ICT companies' TPLs existing in the corresponding semi-year to be the result. All the results are listed in Table 3 . As the TFP  TFP  TFP  TFP  TFP  TFP  TFP We next present how to measure the industry convergence. Generally speaking, there are two streams of the literature on measuring industry convergence. One stream measures industry diversification (Teece et al, 1994; Gambardella & Torrisi, 1988) , and the other measures technology relatedness (Fai & Tunzelmann, 2001) . Our paper follows the latter stream, which uses patent data to analyze convergence. The technology relatedness is always taken as a significant measure for industry technology convergence (Karvonen et al, 2012) , and furthermore the patent licensing data are suitable for illustrating inter-industry technology convergence (Geum et al., 2012) , which is proper for our problem.
From China's state intellectual property office (SIPO), we have got the material called patent licensing contract records information table which records the basic information of one patent including Patent Number, Invention Name, Grantor, Grantee and Record Time. One example has been given in Figure 3 . We selected data of the listed ICT companies, which have been mentioned above, from the information table, and the whole data period is from 2002 to 2012.
Figure 3. One example of the patent record in the patent licensing contract records information table
All the listed ICT companies can be divided into seven sectors: the communication equipment manufacturing sector (CEM), the computer manufacturing sector (CM), the electronic components manufacturing sector (ECM), the household and video equipment manufacturing sector (HEM), the other electronic equipment manufacturing sector (OM), the information transmission service sector (IS), and the computer service and software sector (CS). The technology relatedness can be measured by using one transfer matrix as shown in Table 4 . Here, we take the data in 2012fh (the first half year) as an example. It is noted that we make half a year as an investigation unit. 
Empirical Results
Based on Data Preparation, the empirical analysis can be carried out to answer the two questions proposed in the Introduction. Before estimation methods of simultaneous equations are selected and discussed, the two-dimensional diagram consisting of China's ICT industry technology convergence rate and technology progress level is drawn to show the visual trend during the period from 2002 to 2012. Figure 4 , TCR is horizontal axis and TPL is the vertical axis, and the directions of arrows express the evolutions of the two series of variables with the years going by. On the whole, the two variables show a basically increasing trend, although some fluctuations exist. However, further technique tool is necessary to answer the two questions, since the above graph can not tell which variable the order one is and which the control one is.
As the equations (5) and (6) show, the method for estimation of the simultaneous equations is needed. Usually, three approaches are used to the system estimation of simultaneous equations, and they are threestage least squares (3SLS) (Zellner et al., 1962) , full information maximum likelihood (FIML) (Enders, 2001) , and generalized method of moments (GMM) (Stock et al., 2002; Newey et al., 2009) , respectively. We need to choose the most proper one of them to estimate the equations (5) and (6). It is obvious that the data are the kind of time series data, thus GMM method is the most suitable one because GMM allows random error items of simultaneous equations to have heteroscedasticity and serial correlation, while the other two methods do not allow this. Besides, GMM has the lower restriction about the distribution of the random errors compared to the other two methods and it is also a robust estimation method. Thus, facing the features of the data selected in our study, we regard the GMM as a good method to estimate the equations.
Following the steps, null hypothesis should be given first. Firstly, we assume TCR is the order variable and TPL is the control variable, namely TCR is taken as 1 () qt and TPL as 2 () qt in the equations (5) and (6). Then, it is needed to examine whether 2 0   and 2 1 ||  according to Definition 1 given in this paper. Here, in the process of estimation, 1 ( 1) qt  , 2 ( 1) qt  ( 2,3, t  ) and the constant term are considered as the tool variables, whereas 1 () qt and 2 () qt are considered as the endogenous variables. Because the number of tool variables is larger than the parameters, the whole system of equations is identifiable. Table 6 gives the results of the above assumption via Eviews 5.1 (using the GMM-time series (HAC) function) as below.
> 6 pt  . Thus, the null hypothesis is rejected, that is to say, the estimation results can not support that TCR is the order variable and TPL is the control variable. However, the above result can not prove that its converse is right, because, in the system consisting of equations (5) and (6), it is likely that no variable is the order variable. Thus, we need to further examine the other null hypothesis that TPL is the order variable and TCR is the control variable. At this time, TPL is taken as 1 () qt and TCR as 2 () qt in the equations (5) and (6). The estimation results by the GMM-time series are listed in Table 7 and the fitted graph is shown in Figure 5 with the real numbers of TCR and TPL during the 11 years.  hold as shown in Table 7 , which means TPL can be seen as the order variable and TCR as the control variable according to the estimation results. Besides, judged from the values of the tstatistic and the prob. index, the coefficients of three parameters 1  , 2  and b are significant at the confidence level of 0,05. Also, the two equations both have a high 2 R which are more than 0,90. Figure 5 shows the fitted numbers and the real numbers, from which we can find the two lines are close to each other. In the whole, the estimation results are satisfied. Based on the estimation results, the equations (5) and (6) can be calibrated as> 2 TPL( 1) 1.036735 TPL( ) 0.056938 TPL( ) TCR( ) TCR( 1) 0.792826 TCR( ) 0.048658 TPL( )
Where, the underlined coefficient is not significant in the statistical sense. To sum up the results and the above simultaneous equation, two answers can be given in allusion to the two questions of this paper: 1) TPL is the order variable and TCR is the control variable; accordingly, the whole system is mainly affected by TPL. In other words, the development of technical progress (reflected by TPL) is the core factor for causing the evolution of the whole system.
2) TCR is dominated by TPL according to the second equation, whereas TCR does not affect TPL significantly since the underlined coefficient in the first equation is not significant. The relationship between the two variables indicate their synergetic effects, namely the industry technical convergence (reflected by TCR) is the outcome of the technical progress (reflected by TPL), but the industry technical convergence on itself does not take obvious effect on the technical progress during the period we have used for empirical analysis.
Conclusions
The main objective of this study was to answer the two questions: (1) comparing industry convergence with technology progress, which one plays a dominating role in industry evolution, and (2) how industry convergence and technology progress synergistically affect industry evolution. The first contribution of this paper lies in the fact that our study is the first research to link technology progress and industry convergence in analyzing industry evolution. In contrast, previous studies (Solow, 1956; Tushman, & Anderson, 1986; Gambardella & Torrisi, 1988; Pennings & Puranam, 2001; Karvonen et al., 2010) depicted industry evolution just in one perspective, namely either technology progress or industry convergence but seldom combine them together (Bonnet & Yip, 2009 ). In this explorative study, we have examined industry evolution mechanism based on both industry convergence and technology progress.
The second major contribution of this paper is to propose a novel analysis method for uncovering the mechanism of industry evolution. We applied selforganization method and Haken Model to establish synergetic evolution equations, and selected industry convergence and technology progress as the key variables of industry evolution system. Furthermore, we collected China's patent licensing data to calculate technology convergence rates of listed ICT industries, where this patent analysis is to some extent in line with earlier studies (Fai & Tunzelmann, 2001; Curran et al., 2010; Geum et al., 2012) .
However, the collected patent licensing data are more robust in illustrating industry convergence compared to the commonly used patent co-classification method . Simultaneously, we gathered 146 ICT listed company's data to measure technology progress level. Finally, simultaneous equation estimation method (GMM time series method) is applied to empirically analyze the synergetic industry evolution process based on the established model and measured data. The conclusions and policy implications are as follows.
From 2002 to 2012, China's ICT industry enjoys increasing convergence rate and improving technology progress level. As for the whole industry system, technology progress and industry convergence are the two endogenous factors affecting the system evolution. Our result indicates that the development of technology progress is the core factor for causing evolution of industry system, and industry convergence is the outcome of technology progress. In other words, industry synergetic evolution mechanism can be summarized that (1) technology progress is the order parameter which dominates the evolution of the system, and (2) industry convergence is the control parameter which is reflected by technology progress. These results are somewhat in line with previous work (Bakhshi & Larsen, 2005) , which has pointed that technology progress is the drive force of industry and economic growth. However, our work goes much deeper, because we have considered the new convergence trend in economic system and investigated which factor is the dominate role in the whole system by introducing the technique of synergy analysis. Note that research on industry convergence (Hacklin, 2010; Stieglitz, 2003) mainly stayed in the qualitative level previously, and few study used quantitative method to explore its role in industry growth (Curran, 2011; Karvonen et al., 2012) .
The policy implication of our result is important for companies and government. It is important that the dominated role of technology progress will be sustained, even though in the environment of convergence, companies also need to focus on self-innovation, rather than only adapt to the new industry evolution trend.
Although the results are achieved from China's ICT industry data, they may have implications for other countries. Limited by data availability, this paper only investigated the listed ICT industries from 2002 to 2012. Exploratory work on other industries and international comparisons would be directions for future research. This paper is supported by two funds: National Social Science Funds of China(11AZD081)and National Natural Science Funds of China(71203172).
